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NATIONAL FOREWORD 

This Indian Standard ( First Revision ) which is identical with ISO 31-13 : 1992 'Quantities and units — 
Part 13 : Solid state physics' issued by the International Organization for Standardization (ISO), was adopted 
by the Bureau of Indian Standards on the recommendation of the Basic Standards Sectional Committee and 
approval of the Management and Systems Division Council. 

The text of the ISO Standard has been approved as suitable for publication as Indian Standard without 
deviations. Certain conventions are, however, not identical to those used in Indian Standards. Attention is 
particularly drawn to the following: 

Comma (,) has been used as a decimal marker while in Indian Standards the current practice is to use 
a point (.) as the decimal marker. 

Wherever the words International Standard' appear referring to this standard, they should be read as 
Indian Standard'. 

In this revised version the following are the major technical changes: 

— the decision by the International Committee for Weights and Measures (Comite International 
des Poids et Mesures, CIPM) in 1980 concerning the status of supplementary units has been 
incorporated; 

— the quantity affinity has been included in the list of quantities; and 

— the unit Angstrom, A, in use temporarily, has been transferred to the "Conversion factors and 
remarks" column. 

In the adopted standard normative references appear to certain International Standards for which Indian 
Standards also exist. The corresponding Indian Standards which are to be substituted in their place are listed 
below along with their degree of equivalence for the additions indicated: 

International Standard Corresponding Indian Standard Degree of 

Equivalence 

ISO 31-5: 1992 IS 1890 (Part 5) : 1995 Quantities and units: Part 5 Identical 

Electricity and magnetism ( first revision ) 

IS0 31-8:1992 IS 1890 (Part 8) : 1995 Quantities and units: Part 8 Identical 

Physical chemistry and molecular physics (first revision ) 

ISO 31-10: 1992 IS 1890 (Part 10) : 1995 Quantities and units: Part 10 Identical 

Nuclear reactions and ionizing radiations ( first revision) 

ADDITIONAL INFORMATION 

The other parts of IS 1 890/ISO 31 , under the general title 'Quantities and units' are: 

International Standard Corresponding Indian Standard Degree of 

Equivalence 

ISO31-0:1992 IS 1890 (Part 0) : 1995 Quantities and units: Part Identical 

General principles ( first revision ) 

ISO 31-1 : 1992 IS 1890 (Part 1) : 1995 Quantities and units: Part 1 Space Identical 

and time ( third revision ) 

IS0 31-2:1992 IS 1890 (Part 2) : 1995 Quantities and units: Part 2 Identical 

Periodic and related phenomena ( second revision ) 

( Continued on third cover page) 
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Indian Standard 
QUANTITIES AND UNITS 

PART 13 SOLID STATE PHYSICS 

( First Revision ) 



1 Scope 

This part of ISO 31 gives names and symbols for 
quantities and units of solid state physics. Where ap- 
propriate, conversion factors are also given, 

2 Normative references 

The following standards contain provisions which, 
through reference in this text, constitute provisions 
of this part of ISO 31. At the time of publication, the 
editions indicated were valid. All standards are subject 
to revision, and parties to agreements based on this 
part of ISO 31 are encouraged to investigate the 
possibility of applying the most recent editions of the 
standards indicated below. Members of IEC and ISO 



maintain registers of currently valid International 
Standards. 



ISO 31-5:1992, Quantities and units 
tricity and magnetism. 



Part 5: Elec- 



ISO 31-8:1992, Quantities and units — Part 8: Phys- 
ical chemistry and molecular physics. 

ISO 31-10:1992, Quantities and units — Part 10: Nu- 
clear reactions and ionizing radiations. 

3 Names and symbols 

The names and symbols for quantities and units of 
solid state physics are given on the following pages. 
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SOLID STATE PHYSICS 



Quantities 



Item 
No. 



13-1.1 



13-1.2 



13-2.1 



13-2.2 



13-4 



13-5 



13-6.1 



13-6.2 



13-7 



Quantity 



lattice vector 

fundamental lattice 
vector 



angular reciprocal 
lattice vector 



fundamental 
reciprocal lattice 
vectors 



Symbol 



R Ro T 



«V «2' a 3 

a, b, c 



1 3-3 lattice plane spacing 



Bragg angle 



order of reflexion 



short-range order 
parameter 



long-range order 
parameter 



6 V 62, 63 

* ** * 
a , , c 



Burgers vector 



Definition 



Translation vector which maps 
the crystal lattice on itself 

Fundamental translation vectors 
for the crystal lattice 



Vector whose scalar products 
with all fundamental lattice 
vectors are integral multiples of 

271 

The fundamental translation 
vectors for the reciprocal lattice 



Distance between successive 
lattice planes 



2ds\n& =nX 

where X is the wavelength of 
the radiation in question and n 
is an integer 



Fraction of nearest-neighbour 
atom pairs in an Ising 
ferromagnet having parallel 
magnetic moments, minus the 
fraction having antiparallel mag- 
netic moments 

Fraction of atoms in an Ising 
ferromagnet having their mag- 
netic moments directed in one 
direction, minus the fraction 
with magnetic moments in the 
opposition direction 



Remarks 



J? = /Z 1 1 + rt2« 2 + W3O3 

where n v fy and n^ are inte- 
gers. 



In crystallography, however, 
the quantity C/(2w) is com- 
monly used. 



In crystallography, however, 
the quantities 6*/ (2*) are also 
often used. 



Vector characterizing a dislo- 
cation, i.e. the closing vector in 
a Burgers circuit encircling a 
dislocation line 



Similar definitions apply to 
other order-disorder phenom- 
ena. 
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Units SOLID STATE PHYSICS 


Item 
No. 


Name of unit 


International 

symbol for 

unit 


Definition 


Conversion factors and remarks 


13-1.a 


metre 


m 




Angstrom (A), 1 A = 10~ 10 m 


13-2.8 


reciprocal metre, 
metre to the 

power minus 

one 


m 






13-3.8 


metre 


m 




§ngstr6m (A), 1 A = 1CT 10 m 


13-4.8 


radian 


rad 






13-4.b 


degree 







1° - (n/180) rad -0,017 453 29 rad 


13-5.8 


one 


1 




See the introduction, subclause 
0.3.2. 


13-6.8 


one 


1 




See the introduction, subclause 
0.3.2. 


13-7.8 


metre 


m 




3ngstr6m (A), 1 A~10~ 10 m 
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SOLID STATE PHYSICS (continued) 




Quantities 


item 
No. 


Quantity 


Symbol 


Definition 


Remarks 


13-8.1 


particle position 
vector 


r.R 




To distinguish between elec- 
tron position vectors and ion or 
atom position vectors, lower 
case and capital letters are 
used, respectively. 


13-8.2 


equilibrium position 
vector of ion or 
atom 


to 






13-8.3 


displacement vector 
of ion or atom 


a 


U = i?-«3 




13-9 


Debye-Waller factor 


D 


Factor by which the intensity 
of a diffraction line is reduced 
because of lattice vibrations 


D is sometimes expressed as 
exp(-2W); in Mossbauer spec- 
troscopy it is also called the 
/-factor and denoted by/. 


13-10.1 


angular repetency, 


k, q 


* = 2nfX 


The corresponding vector 




angular 




where A is the wavelength 


quantity k or q is called the 




wavenumber 






propagation vector. 
When a distinction is needed 
between k and the symbol for 
the Boltzmann constant, £ B can 
be used for the latter 
When a distinction is needed 
between * and a t a should be 
used for phonons and 
magnons, and k for particles 
iike electrons and neutrons. 


13-10.2 


Fermi angular 
repetency, 

Fermi angular 
wavenumber 


*F 


Angular repetency of electrons 
in states on the Fermi sphere 




13-10.3 


Debye angular 


% 


Cut-off angular repetency in the 


The method of cut-off shall be 




repetency, 




Debye modei of the vibrational 


specified. 




Debye angular 




spectrum of a solid 






wavenumber 








13-11 


Debye angular 


OJ D 


Cut-off angular frequency in the 


The method of cut-off shall be 




frequency 




Debye model of the vibrational 
spectrum of a solid 


specified. 
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Units SOLID STATE PHYSICS (continued) 


Item 
No. 


Name of unit 


International 

symbol for 

unit 


Definition 


Conversion factors and remarks 


13-8.a 


metre 


m 






13-9.a 


one 


1 




See the introduction, subclause 
0.3.2. 


13-10.a 
13-10.b 


radian per metre 

reciprocal metre, 
metre to the 

power minus 

one 


rad/m 
m 






13-11. a 
13-1 1.b 

i 


radian per second 

reciprocal 

second, 
second to the 

power minus 

one 


rad/s 

s" 1 
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1997 



SOLID STATE PHYSICS (continued) Quantities 


Item 
No. 


Quantity 


Symbol 


Definition 


Remarks 


13-12 
1) CODA 


Debye temperature 
TA Bulletin 63 (1986). 


®D 


k@ D = hco 

where k is the Boltzmann con- 
stant and h is the Planck con- 
stant divided by In. 


Jfc= (1,380 658 ±0,000 012) x 

10 j/K 1) 

h = (1,054 572 66 ± 

0,000 000 63) x 10~ 34 J-s 1) 


13-13 


spectral 

concentration of 
vibrational modes 
(in terms of 
angular frequency) 


g.N a 


Number of vibrational modes in 
an infinitesimal interval of an- 
gular frequency, divided by the 
size of that interval and by vol- 
ume 


x d*(o>) 

g\p>) = n a \a>) = ^ 

where N(co) is the total number 
of vibrational modes with an- 
gular frequency less than co, 
divided by volume. 


13-14 


Gruneisen 
parameter 


y.r 


V ^CLyKxjCyQ) 

where a v is the cubic expansion 
coefficient, x T is the isothermal 
compressibility, c v is the massic 
heat capacity at constant vol- 
ume and o is the volumic mass 




13-1'5 


Madelung constant 


a 


For a uni-univaient ionic crystal 
of specified structure, the 
electrostatic energy per pair of 
ions is 

E a e " 




d — (X ■ . 

AksqU 
where e is the elementary 
charge, e is the permittivity of 
vacuum and a is a lattice con- 
stant which should be specified 


13-16.1 
13-16.2 


mean free path of 
phonons 

mean free path of 
electrons 


V A 
I, / e 
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Units SOLID STATE PHYSICS (continued) 


Item 
No. 


Name of unit 


International 

symbol for 

unit 


Definition 


Conversion factors and remarks 


13-12.a 


kelvin 


K 






13-13.a 
13-13-b 


second per radian 
cubic metre 

second per cubic 
metre 


s/(rad - m 3 ) 
s/m 3 






13-14.a 


one 


1 




See the introduction, subclause 
0.3.2. 


13-15-a 


one 


1 




See the introduction, subclause 
0.3.2. 


13-16.a 


metre 


m 
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SOLID STATE PHYSICS (continued) Quantities 


Item 
No. 


Quantity 


Symbol 


Definition 


Remarks 


13-17 


density of states 


N E , Q 


where N(E) is the total number 
of one-electron states with en- 
ergy less than £, divided by 
volume 




13-18 


residual resistivity 


Qn 


For metals, the resistivity ex- 
trapolated to zero thermo- 
dynamic temperature 




13-19 


Lorenz coefficient 


L 


L - XjaT 

where X is the thermal conduc- 
tivity, a is the electrical conduc- 
tivity and T is the 
thermodynamic temperature 




13-20 


Hall coefficient 


*H'*H 


In an isotropic conductor, the 
relation between electric field 
strength E and current density 
J is 

E=qJ+R h (BxJ) 

where g is the resistivity and B 
is the magnetic flux density 




13-21 


thermoelectromotive 
force between 
substances a 
and b 


^ab 




The positive direction for £ ab is 
from substance a to substance 
b at the cold junction. 


13-22 


Seebeck coefficient 
for substances a 
and b 


Sab' £ ab 


c di<ab 
ab ~ 6T 

where T is the temperature of 
the hot junction 


Sab = S a - 5 b 

where S a is the Seeback coeffi- 
cient of substance a. 


13-23 


Peltier coefficient 
for substances a 

and b fc 


"ab 


Peltier heat power developed 
at a junction, divided by the 
electric current flowing from 
substance a to substance b 


^ ab = n a ~n b 

where 77 a is the Peltier coeffi- 
cient of substance a. 
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Units SOLID STATE PHYSICS (continued) 


Item 
No. 


Name of unit 


International 

symbol for 

unit 


Definition 


Conversion factors and remarks 


13-17.a 


reciprocal joule 
per cubic metre, 

joule to the 
power minus 
one per cubic 
metre 


J" 1 /m 3 






13-17.b 
1) COD, 


reciprocal 

electronvolt per 

cubic metre, 
electronvolt to the 

power minus one 

per cubic metre 

MA Bulletin 63 (1986). 


eV" 1 /™ 3 




1 eV'Vm 3 = (6,241 506 4 + 
0,000 001 9)x 10 18 J~ 1 /m 31) 


13-18.a 


ohm metre 


a- m 






1 3-19.a 


volt squared per 
kelvin squared 


V 2 /K 2 






13-20.3 


cubic metre per 
coulomb 


m 3 /C 






13-21.3 


volt 


V 






13-22.3 


volt per kelvin 


V/K 






13-23.3 


volt 


V 
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SOLID STATE PHYSICS (continued) 



Quantities 



Item 
No. 



Quantity 



Symbol 



Definition 



Remarks 



13-24 



Thomson 
coefficient 



n, T 



Thomson heat power devel- 
oped divided by the electric 
current and temperature differ- 
ence 



ix is positive if heat is devel- 
oped when the temperature 
decreases in the direction of 
the electric current. 



13-25 



work function 







Energy difference between an 
electron at rest at infinity and 
an electron at the Fermi level in 
the interior of a substance 



The contact potential difference 
between substances a and b is 
given by 

V a -V b =(<Z> b -<Z>> 
where e is the elementary 
charge. 



13-26 
(— ) 



electron affinity 



Energy difference between an 
electron at rest at infinity and 
an electron at the lowest level 
of the conduction band in an 
insulator or semiconductor 



13-27 
(13-26) 



Richardson 
constant 



The thermionic emission cur- 
rent density J for a meta! is 
J = A7*exp(-0l*l) 
where T is the thermodynamic 
temperature, k is the Boltzmann 
constant and <P is the work 
function 



13-28.1 
( 73-27. 7) 



13-28.2 
(13-27.2) 



13-28.3 
(13-27.3) 

13-28.4 
(73-27.4) 



Fermi energy 



gap energy 



donor ionization 
energy 

acceptor ionization 
energy 



£ F , e F 



In a metal, the highest energy 
of occupied states at zero 
thermodynamic temperature 

Difference in energy between 
lowest level of conduction band 
and highest level of valence 
band 



At T=0, E F is equal to the 
chemical potential per electron. 



10 
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Units 




SOLID STATE PHYSICS (continued) 


Item 
ton 




International 






Name of unit 


symbol for 


Definition 


Conversion factors and remarks 






unit 






13-24.a 


volt per kelvin 


V/K 






13-25.a 


joule 


J 






13-25.b 


electronvolt 


eV 




1 eV = (1,602 177 33 ± 
0,000 000 49) x 10" 19 J 1} 


1 ) CODATA Bulletin 63 (1 986). 






13-26.a 


joule 


J 






13-26.b 


electronvolt 


eV 




1 eV = (1,602 177 33 + 
0,000 000 49) x 10" 19 J ° 


1 ) CODATA Bulletin 63 (1 986). 






13-27.a 


ampere per 
square metre 
kelvin squared 


A/(m 2 -K 2 ) 






13-28.a 


joule 


J 






13-28.b 


electronvolt 


eV 




1 eV = (1,602 177 33 ± 
0,000 000 49) x 10" 19 J 1} 


1) COD 


ATA Bulletin 63 (1986). 
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SOLID STATE PHYSICS (continued) 



Quantities 



Item 
No. 



13-29 
(13-2® 



Quantity 



Fermi temperature 



13-30.1 
{13-29.1) 



13-30.2 
(13-29.2) 



13-30.3 
(13-29.3) 



13-30.4 
(73-29.4) 



13-30.5 
(13-29.5) 



electron number 

density, 
volumic electron 

number 

hole number 

density, 
volumic hole 

number 

intrinsic number 

density, 
volumic intrinsic 

number 

donor number 
density, 
volumic donor 

number 

acceptor number 

density, 
volumic acceptor 

number 



Symbol 



Definition 



where k is the Boltzmann con- 
stant 



»* ^d 



"a<^a 



Number density of electrons in 
conduction band 



Number density of holes in va- 
lence band 



np = /ij 



Number density of donor levels 



Number density of acceptor 
levels 



Remarks 



Subscripts n and p or - and + 
are often used to denote elec- 
trons and holes, respectively. 
n n and n p are also used for 
electron number densities, and 
p n and p p for hole number den- 
sities, in the n-type and p-type 
regions, respectively, of a p-n 
junction. 



13-31 
(13-30) 



effective mass 



m 



In semiconductors, m* is used 
for electrons, and m* for holes. 



13-32 
(73-37) 



mobility ratio 



where ju n and /* p are the mobili- 
ties of electrons and holes, re- 
spectively 



For mobility, see 

ISO 31-10:1992, item No. 

10-26. 



13-33.1 
(73-32.7) 



13-33.2 
(13-32.2) 



relaxation time 



carrier life time 



T ' *rv *p 



Time constant for exponential 
decay towards equilibrium 



Time constant for recombina- 
tion or trapping of minority 
charge carriers in semiconduc 
tors 



For electrons in metals, 

x = //k f 

where / is the mean free path 

and v ? is the speed of electrons 

on the Fermi sphere. 

See remark on 13-30. 
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Units 



Item 
No. 



Name of unit 



13-29.a 



kelvin 



13-30.a reciprocal cubic 
metre, 
metre to the 
power minus 
three 



13-31. a 



13-32. a 



kilogram 



one 



13-33.a 



second 



International 

symbol for 

unit 



K 



m 



kg 



SOLID STATE PHYSICS {continued) 



Definition 



Conversion factors and remarks 



See the introduction, subclause 
0.3.2. 
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SOLID STATE PHYSICS (continued) 



Quantities 



Item 
No. 



13-34 
(73-33) 



13-35 
(73-34) 



Quantity 



diffusion length 



exchange integral 



Symbol 



L. Av ^p 



13-36.1 
( 73-35. J) 

13-36.2 
(73-35.2) 

13-36,3 
(73-35.3) 



13-37.1 
(— ) 



Curie temperature 



N6el temperature 



superconductor 
transition 
temperature 



thermodynamic 
critical magnetic 
flux density 



13-37.2 
(-) 



13-37.3 



(— ) 



lower critical 

magnetic flux 
density 



upper critical 
magnetic flux 
density 



'd 



B t 



c2 



Definition 



where D is the diffusion coeffi- 
cient and t is the life time 



Interaction energy arising from 
electron exchange 



Remarks 



See remark on 13-30. 

For D, see ISO 31-8:1992, item 

No. 8-39. 



Critical temperature of a ferro- 
or ferrimagnet 

Critical temperature of an 
antiferromagnet 

Critical temperature of a super- 
conductor 



G n -G s - 



Mo 



where C n and G s are the Gibbs 
free energies at zero magnetic 
flux density in a normal con- 
ductor and superconductor, 
respectively, fx Q is the per- 
meability of vacuum and V is 
the volume 

For type II superconductors, the 
threshold magnetic flux density 
for magnetic flux entering the 
superconductor 

For type II superconductors, the 
threshold magnetic flux density 
for disappearance of bulk 
superconductivity 



r cr is used for critical temper- 
ature in general. 



In type I superconductors, B Q is 
the critical magnetic flux den- 
sity for disappearance of 
superconductivity. 

The symbol fi c3 is used for the 
critical magnetic flux density for 
disappearance of surface 
superconductivity. 

For the corresponding Gaussian 
quantities, see ISO 31-5:1992, 
annex A. 
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Units 



SOLID STATE PHYSICS (continued) 



item 
No. 



Name of unit 



International 

symbol for 

unit 



Definition 



Conversion factors and remarks 



13-34.3 



metre 



m 



13-35.3 



joule 



13-35.b 



electronvolt 



eV 



1 eV = (1,602 177 33 ± 
0,000 000 49) x 10" 19 J 1} 



1) CODATABuiietin63(1986). 



13-36.3 



kelvln 



K 



13-37.a 



tesla 



i T - 1 Wb/rrr = 
1 V • s/m 2 



For the Gaussian CGS unit of magnetic 
flux density, the gauss, see 
ISO 31-5:1992, annex A. 
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SOLID STATE PHYSICS (concluded) Quantities 


Item 
No. 


Quantity 


Symbol 


Definition 


Remarks 


13-38 

(13-37) 


superconductor 
energy gap 


A 






13-39.1 

(73-38.7) 

13-39.2 
(13-38.2) 


London penetration 
depth 

coherence length 


i 


If an applied magnetic field is 
parallel to the plane surface of 
a semi-infinite superconductor, 
the field penetrates the super- 
conductor according to the ex- 
pression 

B(x) =B(0) exp(-;t/A L ) 
where x is the distance from 
the surface 

The distance in a superconduc- 
tor over which the effect of a 
perturbation is appreciable 




13-40 
(13-39) 


Landau-Ginzburg 

number 


X 


H^XJ(i^2)atT^0 




13-41 
(13-40) 

1) COD^ 


magnetic flux 
quantum 

0"A Bulletin 63 (1986). 


<*>0 


o = hl2e 


Q = (2,067 834 61 ± 
0,000 000 61) x 10~ 15 Wb 1} 
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Units SOLID STATE PHYSICS (concluded) 


Item 
No. 


Name of unit 


International 

symbol for 

unit 


Definition 


Conversion factors and remarks 


13-38.a 


joule 


J 






13-38.b 
1) COD 


eiectronvolt 
MA Bulletin 63 (1986). 


eV 




1 eV = (1,602 177 33 + 
0,000 000 49) x 10" 19 J 1) 


13-39.a 


metre 


m 






13-40.3 


one 


1 




See the introduction, subclsuse 
0.3.2. 


13-41.3 


weber 


Wb 


1 Wb = 1 V ■ s 


For the Gaussian CGS unit of magnetic 
flux, the maxwell, see ISO 31-5:1992, 
annex A. 
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Annex A 

(normative) 

Symbols for planes and directions in crystals 

Miller indices h v h}, h^ or h, k, i 

Single plane or set of parallel planes in lattice (A v Z^, A3) or (h, k, t) 

Full set of planes in lattice equivalent by symmetry {h v k 2 , &$} or {h, ic, 1} 

Direction in lattice [>, v, vv] 

Full set of directions in lattice equivalent by symmetry (u, v, w> 

NOTES 

1 If the letter symbols are replaced by numbers in the bracketed expressions, it is customary to omit the commas. 

2 A negative numerical vaiue of h, k or / is commonly indicated by a bar above the number, for example (1 10) . 
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